ABSTRACT: This paper presents the results of the design and characterization of a loop antenna for mobile cellular handsets. Based on a typical smart phone antenna geometry, a bottom mounted off-ground meanderline loop antenna has been designed, which has the potential to cover the required bands of Long Term Evolution (LTE) US 700MHz, Global System for Mobile communications (GSM) 824-960MHz, Digital Communication System (DCS) 1710-1880 MHz, Personal Communication Services PCS 1850-1990 MHz, Universal Mobile Telecommunications System (UMTS) 1920-2170MHz and LTE EU 2500. The carrier volume of 50*10*5mm 3 and ground plane of length 100mm is used.
INTRODUCTION
The field of designing mobile handset antennas has become increasingly challenging as the requirements of highly efficient multi-band coverage rise versus the limited available volume. With the successful implementation of UMTS/Wideband CDMA, the dual band antenna has evolved into a penta-band antenna. In the case of internal mobile phone antennas, the physical lengths associated with the available volume are typically small with respect to the wavelengths of the lower cellular frequency bands (several hundreds of MHz).Reducing the size of the antenna, means to decrease its radiation resistance, which represents a measure of the power radiated into the free space for a given input current. The electrical length of the antenna can be increased by folding and bending the structure in a definite order to get multimode resonant frequencies [1] . However, in a cellular handset, the ground plane is the main radiator at the lower frequency bands while at higher frequencies the internal antenna pattern itself is electrically large enough to become an efficient radiator. In this paper a meander line loop antenna is investigated regarding its potential of covering today's GSM/UMTS bands in combination with the new bands for the upcoming LTE standard. The different radiation modes have been analyzed regarding the current distribution on antenna structure. Efficiency (Ș), Specific Absorption Rate (SAR), Hearing Aid Compability (HAC) and body effects have also been quantified for the proposed design. The antenna has balanced and unbalanced modes for certain frequencies. As seen from the Fig.1 for a length of Ȝ/2 and 3Ȝ/2, one and three null current occurs, respectively, which gives the same direction of currents on the ground plane making it unbalanced. While for a length of Ȝ two nulls occur, this gives opposite currents on the ground plane, making it balanced. In the balanced mode it reduces the free currents on the ground plane making it suitable to fulfill the HAC standard [2] .
ANTENNA DESIGN AND SIMULATION RESULTS
Ansoft High Frequency Structure Simulator (HFSS) and CST Microwave Studio (MWS) are used for full wave analysis of the multiband antenna structure. The proposed antenna consists of a radiating element of the folded loop structure with uniform meandering on the top side of radiator and unsymmetrical at the back side. One end is attached to the feed and other end is connected to ground plane. The feeding and shorting locations are at the center of the lower antenna side in order to make the current distributions symmetrical on the ground plane. The normal techniques to reduce the 251 978-1-4244-9134-6/11/$26.00 ©2011 IEEE size of the antenna are to use shorting pins, stubs, reactive loading and meandering, or folding the resonating antenna sections in a compact configuration [3] . It is possible to increase the bandwidth by using multiple strips because the radiation resistance can be stepped up and the reactance can be made to cancel each other in the balanced and unbalanced current modes. The mutual capacitance between the lines strictly depends on the distance between them. Increasing the distance between two copper strips or decreasing the strip width in the meanderline reduces the mutual coupling and the resonance frequency shifts down as shown in Fig. 2. Fig. 3 shows the return loss optimization for the gap of lower part of radiator from the ground plane. The optimized design has radiating strip width of 1.5mm and gap between the radiating lines is 1mm. The lower radiating part is placed 4mm away from the ground plane. The final optimized simulated result is shown in red line.
The current distribution plots taken from the simulations are shown in Fig.4 (a, b &c) . For first resonance Ȝ/2 or 900MHz one null occurs at the center and for 3Ȝ/2 mode three nulls occur for 2650MHz making it an unbalanced mode, see Fig.4 (a &c).For the balanced mode, which is the Ȝ mode, two nulls occur and the current is in the same direction making a closed loop on the antenna element and creating opposite currents on the chassis as can be seen from Fig.4 (b) .
In hand held devices there is emphasis not only on reducing the size of the antenna and improving the radiation efficiency but also on meeting the new standards for SAR and HAC, which mainly depends on the near field emissions. Both SAR and HAC phenomena's are simulated in CST MWS and measured on DASY4 setup. For HAC a measurement grid of 50x50 mm is centered over the acoustic output, at the height of 15mm as shown in Fig.5 . RF emission ratings M1, M2, M3 and M4, are based on the field strength as measured over a grid in the region of the ear piece.SAR describes the absorption of power into lossy medium (human body) as a result of the electric fields and currents present in the tissue. A phantom model having exact shape, size and material properties as according to the IEEE/ANSI C95.1 standards has been used as in shown Fig.6 . The liquid density (1000 kg/m 3 ) and 2 nd order dispersive model for epsilon is specified to the head model. Spatial peak SAR for head should not exceed 1.6(W/kg) as averaged over 1g for US, and 2 (W/kg) as averaged over 10g for Europe standards as in [4] .Tab.1 gives the measured SAR and HAC values. For different frequencies both 1g and 10g SAR meets the standards. In the next section the fabrication of antenna and the body effects has been discussed.
FABRICATION AND MEASURED RESULTS
The proposed design is printed on kapton flexfilm. The antenna carrier is a 3D-object with rounded corners requiring accurate and careful placement of the 2D-flexfilm. A semi rigid cable is used to feed the antenna from the backside. In the simulation the effect of the flexfilm has not been considered that is why in the fabricated prototype, a shift in the Fig.2 Optimization of the line spacing. Fig.3 Optimization of the gap from the ground plane. frequency has been observed which is bandwidth at all the frequency bands w Fig.7 .Return loss and efficiency measu chamber, respectively. Fig.8 shows the bands at 2000MHz and 2600MHz its presence of hand and head has also bee near the head for the lower band. From efficiency can be seen with head onl efficiency decrease by head only and he
CONCLUSIONS AND DISCUSSION
The proposed antenna can passively c parasitic element. Furthermore, the pote LTE bands 700-790 MHz by means of s 
Tab.1 Measured SAR and HAC results
these frequencies, results in values of better than -1.5 dB without switch implementation. Thus, typical requirements on antenna efficiency for mobile phones can be met with the implemented design. Furthermore, it shows little detuning in the high band in terms of body effects. The measured results for the one of the prototype antenna meet the SAR and HAC standard ANSI C63. 
